Study objective -To assess whether smali area measures of socioeconomic deprivation predict variation in individual smoking behaviour. To examine the adequacy of an individual level statistical model for the analysis of data on groups of individuals who live in the same geographical area. Design -Individual level and two level logistic regression analysis of data on individual smoking from a regional health survey, and neighbourhood deprivation scores for 1991 census wards calculated from 1991 census data. Setting-The North West Thames Regional Health Authority area. Participants -Random sample of 8251 adults in North West Thames Region. Main results -There was a highly significant association between being a smoker and the neighbourhood deprivation score of the area of residence. With the two level model, after allowing for age and sex, the estimated odds ratio of being a smoker for an individual in the highest quintile of deprivation compared with someone in the lowest quintile was 1-52 (95% confidence interval 1*33, 1.74).
wards accounted for around 6% ofthe total variation in smoking behaviour after neighbourhood deprivation of the ward had been taken into account. Deprivation of the area of residence remained a significant predictor of smoking status even after the socioeconomic group of the individual had been taken into account. Conclusions -Neighbourhood deprivation of the area of residence is a predictor of smoking status of individuals. In this example the two level model was reasonably well approximated by the individual level model. Since the publication ofthe Black report,' many studies have reported an association between mortality and measures of socioeconomic status, including employment grade,2 3 social class,4 and an index ofsocial deprivation.5 Often the association is greatest for smoking related diseases. For example, figure 1 shows the relationship between standardised lung cancer incidence ratios and the Carstairs deprivation score6 for electoral wards in the North West Thames Regional Health Authority from 1975 to 1986. The higher the score, the more deprived the area. On Region (1975 Region ( -1986 Two different statistical models were used: a two level hierarchical model and a single level (individual) model. The two level model takes into account the hierarchical nature of the data, whereby some variables apply to individuals and others to the wards in which they live. Thus, two components ofvariance are specified -one due to variability between individuals and one to variability between wards.'415 In the single level model the hierarchical error structure in the data is ignored and higher level data are disaggregated to individuals.
In a logistic regression model, current smoking of an individual (yes/no) was specified as the response variable, with age and sex of the individual and deprivation of the ward as explanatory variables, using a logit link function. 6 A quadratic term for age was included as it was found to improve the fit. Specifically, Results Table 1 shows results of the two logistic regression analyses. The risk of smoking was lower in females than in males and reduces with age, as has been shown in national surveys. "In both the individual level and two level models there was a highly significant association between individual smoking status and socioeconomic deprivation of the ward of residence. After allowing for age and sex, the odds ratio of being a smoker for an individual living in a ward at the midpoint of the top quintile of deprivation (Carstairs score=4-1), compared with an individual living in a ward at the midpoint of the bottom quintile (score= -3 2) was 1-52 (95% C.I. 1-33, 1-74). Interactions between age and deprivation score, and sex and deprivation score were found not to be statistically significant. Figure 3 shows after modelling indicating that there was some residual, unexplained interward variability. Table 2 shows that the socioeconomic group of the respondent provided significant additional explanation for the variation in smoking behaviour after allowing for the Carstairs deprivation score. Although there is need for caution in adding socioeconomic group of the individual to a model already containing deprivation as a covariate, there was no evidence here to suggest collinearity, since the standard error of the deprivation term was virtually un- Open discussion DIGGLE -I liked this analysis because it considers the possibility ofvariation between wards as opposed to variation between individuals. Although I do not believe it would make much difference here, I think it is worth making the general point that ward residuals can be considered as recognising that all the right covariates are not all included in the model, which induces apparently random variation between wards. The implicit assumptions in this study is that whatever those unobserved covariates are, they are not spatially correlated -yet what is in the model is highly spatially structured. So if I could give another little plug for Breslow and Clayton,1 you need more flexible correlation structures for your electoral wards, which would be provided by the more general machinery of generalised linear mixed models which are certainly close cousins to multilevel models.
KLEINSCHMIDT -That would be an additional step which was not attempted here.
ELLIOTT -It would be fairly simple and possibly worthwhile to test for spatial autocorrelation between model residuals to see how serious the problem might be.
BITHELL -Did you fit the age as it is or did you standardise it by subtracting the mean or something similar?
KLEINSCHMIDT -We used age unmodified.
BITHELL -I am astonished that you get such a significant quadratic relationship with age, but no linear relationship. Your model showed no effect of linear age?
KLEINSCHMIDT -If linear age is in the model by itself it is significant. If both age squared and linear age are in the model, only age squared is significant. It is customary to retain lower order terms in the model, even if they are not significant. BEN SHLOMO -I was interested that the response rate was 64%, which is slightly less than we usually regard as acceptable. Did you look at the response rate in relation to the deprivation ward score because it could be predicted that the most deprived wards have the worst response rate, and of course we know from other studies2 that people who do not respond are more likely to be smokers as well. I wonder how much underestimation is hidden by non-response: I am sure there would be even stronger effects with better response rates. S77 KLEINSCHMIDT -Unfortunately, there was no information about the non-respondents and whether they were mainly from deprived wards. ELLIOTT -We were particularly interested in this sort of analysis, again because it tries to answer the focussed question, "does pollution affect health, with or without deprivation?" We want to know what the deprivation index is doing and whether it is related to known causes of ill health. We do not generally have smoking data for small areas, although we would like to have this. It is reassuring from that perspective therefore to find that deprived areas, which are strongly related to ill health, are associated with factors which, from individual medical models, are also related to ill health, such as smoking. There is the bigger issue which was discussed earlier -what is it about deprived areas in their totality that is associated with ill health? One cannot derive that sort of implication from these sorts of data.
KLEINSCHMIDT -Of course it is well known that the relationship between smoking and individual markers of deprivation is highly significant. Deprivation scores are rather blunt in a way and I would like to resolve that.
GORDON -You are trying to predict small area smoking rates from deprivation but we do know how this varies with class. Have you looked at class in the census as a predictor?
KLEINSCHMIDT -I included socioeconomic group, which is similar to class, into the model. It is significant, and deprivation still remains significant.
The coefficient is less, but even if we had individual socioeconomic grouping in the model, area deprivation still explains a lot of the variation. 
